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ABSTRACT 
New vanadium coordinated pincer complex is synthesized and characterized. 
Coordinating organic ligand (L1) is designed to afford ONO coordination mode. Metal complex 
(ML1) prepared by reacting VO(acac)2 with 2-hydroxy-3,5-ditertiarybutyl benzaldehyde and o-
aminophenol in methanol (where acac stands for acetylacetonate). Ligand (L1) coordinates the 
central vanadium metal atom via ONO fashion hence occupied three coordination sites. For 
charge compensation vanadium retains one of the acetyl aetonate ligand and finally sixth 
coordination satisfied by terminal oxo group consequently attains octahedral geometry. This 
pincer type coordinated ligand provides strong meridonial environment to the metal center and 
also support to stabilize the higher oxidation state of vanadium. The complex is characterized by 
available analytical techniques such as Molar Conductance, UV-visible, IR, Cyclic Voltametry 
(CV), and Thermogravimetric Analysis (TGA). Biological behavior has been investigated 
towards antibacterial activity. The complex also successfully utilized as catalyst for the simple 
organic transformation. 
 
1. INTRODUCTION: 
Pincer ligand is a type of chelating agent 
that coordinates to the metal center by three 
adjacent coplanar sites in a meridonial 
fashion. Various strategies have been 
developed for the design and synthesis of 
pincer ligand that indicates the designing of 
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novel ligand is a key feature of pincer 
chemistry. In addition to this, steric and 
electronic effects, hemiliability and 
flexibility, higher efficiency and selectivity 
of pincer ligands have significant effects on 
the catalytic performance and biological 
activities. The major hurdle faced by the 
metal-complexes in bringing them to 
application such as medicinal and catalysis 
is their stability factor. In such cases, pincer 
ligand coordinated metal complexes are 
exceptionally balances its stability and 
reactivity. For example NCN pincer 
environment stabilizes Ni(III) oxidation 
state and hence the metal center with 
unusual square pyramidal geometry [1]. 
Therefore developing novel pincer ligand 
having tridentate bonding mode is one of the 
fruitful strategy for obtaining well defined 
coordinate covalent bond to the metal 
center. Since the pioneering work reported 
by shaw  
and van Koten and Noltes [2] in 1970s much 
more developed metal complexes using 
PCP/NCN pincer ligands occupied 
predominant role in chemistry or chemistry 
related disciplines. Apart from PCP and 
NCN there are number of literature available 
with various mode of coordination of pincer 
with central metal atom such as ONO, NNO, 
NNN etc. [3]. Pincer ligand coordinated 
metal complexes are considered very 
important in the field of catalysis and 
biology. Vanadium is one of the transition 
metal having tendency to vary its oxidation 
state from +2 to +5 in its compounds [4]. 
Although plenty of Schiff base coordinated 
vanadium complexes are available in the 
literature [5] the same metal very less 
investigated with pincer type ligand [5]. 
Vanadium is much more interested since its 
coordination complexes are biologically 
important and also present in active sites of 
many enzymes such as vanadium 
nitrogenase (nitrogen-fixing microorganism) 
vanadium bromoperoxidase etc. Vanadium 
is also found as coordinated complex 
namely ‘Amavadin’  that found in three 
species of poisonous mushrooms such as 
A.muscaria, A. regalis, and A. velatipes etc. 
Further, vanadium complex is also studied 
for their catecholase activity in literature [6]. 
In this present study, a pincer type ligand 
has been designed as dianionic ONO type 
that binds with vanadium metal. The 
isolated solid complex formulated as 
[VO(acac)(L1)] (where acac = 
acetylacetonate, L1 = ONO pncer ligand that 
formed by in-situ condensation of 2-
hydroxy-3,5-ditertiarybutyl benzaldehyde 
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and o-aminophenol). Synthesized vanadium 
pincer complex completely characterized 
and investigated for its biological activity. 
 
2. EXPERIMENTAL SECTION: 
2.1 Materials and Instrumentation: 
All the chemicals used in research 
work were obtained from S.D. Fine, Merck 
and Loba etc. and used without any further 
purification. VO(acac)2 prepared by 
following the available literature procedure 
[7]. Distilled water was used throughout the 
experiment. Molar conductance study has 
been investigated by cm 180 Conductivity 
Meter model. UV spectrum of the complex 1 
was studied in the range of 200 – 800 nm 
with the help of JASCO UV-530 
spectrophotometer. IR spectrum recorded in 
JASCO FT-IR 6300 spectrometer. Cyclic 
voltomogram of the sample recorded in 680 
Amp Booster model.  The samples is 
dissolved in a solvent mixture in 
approximately 1: 10 ratio of dimethyl 
formamide and water respectively that 
containing 0.1 M solution of KCl as the 
supporting electrolyte. A glassy carbon 
electrode with surface area of 0.035 cm2 was 
used as a working electrode, platinum wire 
served as the counter electrode and reference 
electrode used is Ag wire. Thermo 
Gravimetric Analysis (TGA) data obtained 
from SHIMADZU -TA 60 model 
instrument. The measurement carried out 
under N2 flow between the temperature 
ranges of 30 – 800 o C at the heating rate of 
10o C/minute. Anti-bacterial Activity of the 
complex was investigated by cup/diffusion 
method in which Amikacin was used as 
standard. 
2.2 Synthesis:  
The outline of synthesis of 
[VO(acac)(L1)] (1) complex is depicted in 
scheme 1.  To a stirred solution of 20 mL of 
methanol 2- Hydroxy-3,5-ditertarybutyl 
benzaldehyde (1 mmol, 234.3 mg ) and o-
aminophenol (1 mmol, 109 mg) was added 
and further allowed for stirring one hour. To 
the orange coloured reaction mixture, a 
methonolic solution of VO(acac)2 (1 mmol, 
265mg) separately dissolved in 20 mL 
methanol was added slowly and further 
stirred for 3 hours. Brown coloured solid 
separated, filtered, dried and stored in 
vacuum desiccator. Yield of complex is 
435.4 mg. 
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Scheme 1: Synthesis scheme of 
[VO(acac)(L1)] (1) 
3. RESULTS AND DISCUSSION:  
3.1. Structural Discussion: 
The molecular weight of complex 
[VO(acac)(L1)] (1) is derived as 488 from 
the proposed structure. In complex 1 the 
Schiff base derived by the condensation 
reaction between 2- hydroxy-3,5-
ditertarybutyl benzaldehyde and o-
aminophenol in methanol. Schiff base ligand 
(L1) formed in solution was coupled insitu 
with VO(acac)2 complex. Obtained 
brownish colored complex is due to the 
coordination of vanadium central metal 
atom with ligand (L1). Ligand L1 
coordinated to the central vanadium metal 
through ONO pincer fashion. Coordination 
of ONO dianionic ligand offers two negative 
charges one from each oxygen atom 
neutralizes two positive charge of central 
vanadium. Another neutral coordination of 
nitrogen atom from pincer type ligand 
satisfies third coordination number of 
central metal atom. One terminal dioxo 
group satisfied fourth coordination and 
offers two negative charges on central metal 
atom. Further two coordination of vanadium 
satisfies by ligation of one acetylacetonate 
ligand. And hence the central metal atom 
vanadium attains octahedron with six 
coordination numbers. Further the  
electrons from acetylacetonate ligand 
involved in delocalization and hence each 
oxygen atom from acetylacetonate ligand 
offers partial negative charge and hence 
vanadium may attain its maximum oxidation 
state +5. The coordination of 
acetylacetonate ligand in complex is 
supported by TGA analysis.  
 
3.2. Molar Conductance: 
The molar conductance of 10-3 M of 
solutions of [VO(acac)(L1)] (1) complex in 
DMF solution is calculated at room 
temperature. Upon investigation we found 
molar conductance of [VO(acac)(L1)] (1) 
complex value is 46 Ω-1 mol-1 cm-2 and 
concluded that the complex is non-
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electrolyte in nature. This indicates that 
pincer anion involved in coordination with 
vanadium metal centre through ONO 
fashion Such non-zero molar conductance 
(46 Ω-1 mol-1 cm-2) value for complex 1 in 
the present study is most probably due to the 
stronger donating capacity of DMF solvent. 
The result is similar to the reported 
compound in the literature [9]. 
 
3.3. UV-Visible Characterization of 
[VO(acac)(L1)] (1): 
UV-Visible spectrum of complex 1 
recorded in DMF from 200 to 800 nm. 
Absorption maximum observed at 235 and 
284 nm is due to the intraligand →* and 
n→* transitions. A broad band appeared 
with its absorption maximum at 430 nm are 
due to d-d transition that observed in the 
visible region. Since the vanadium attains its 
maximum oxidation state +5 in the complex 
[VO(acac) (L1)] (1) d-d transition may not 
occurred and hence it can be attributed due 
to the L→M charge transfer band (LMCT) 
Figure 1: UV-Visible Spectrum of 
[VO(acac)(L1)] (1) 
3.4 Infra Red Spectroscopy: 
Typical FT-IR spectrum of 
compound 1 is shown in the Figure 2. 
Stretching frequency observed at 1017 and 
949 cm1 are due to the presence of V=O 
terminal bond. The presence of imine bond 
C=N is confirmed by the stretching 
frequency at 1598 cm1. Phenolic oxygen 
appeared at stretching 1297 cm1. 
Figure 2: FT-IR spectrum of [VO(acac)(L1)] 
(1) 
 
3.3 Cyclic Voltametry (CV): 
It is well known that metal-phenolate 
systems are electroactive. The cyclic 
voltammogram (CV) of [VO(acac)(L1)] (1) 
complex is shown in figure 2. It has been 
recorded in mixture of solvent in 1: 10 ratio 
of DMF and Water respectively that 
containing 0.1 M solution of KCl as the 
supporting electrolyte. In order to have an 
insight into the redox behavior of 
[VO(acac)(L1)] (1) we performed cyclic 
voltametry study between -1.5 to +1.5V, 
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thereby obtained voltamogram is presented 
in Figure 3. Cyclic voltamogram recorded at 
100 mVs1 is taken as reference for the 
discussion. However voltomogram have 
been also recorded in various scan rate such 
as 50, 100, 200, 250 and 300 mVs1. From 
the voltamogram it is found that one  
Figure 3: Cyclic Voltomogram of [VO(acac)2 
(L1)] (1) 
oxidation peak in 0.30V is appeared 
due to the presence of VO(V) phenoxyl 
radical species. Corresponding reduction 
potential observed at -0.73. By overall the 
cyclic voltamogram is considered as quasi  
reversible.   
3.4. Thermo Gravimetric Analysis 
(TGA): 
Thermogravimetric analysis (TGA) 
curve for the [VO(acac)(L1)] (1) complex is 
given in figure 4. Typical TG curve shows 
that three sharp weight losses . The first 
weight loss of 21.68%  in the range of 33  
213oC is due to the loss of one 
acetylacetonate ligand from complex 1 
(theoretical weight loss is 20.49). The 
second weight loss obtained in the 
temperature range of 213  518oC is 38.11% 
that has been assigned due to the 
decomposition of organic moiety. In the 
third stage of the weight loss occurred is 
19.77% in the temperature between 518 
800oC that happened because of the overall 
structure decomposition left only vanadium 
oxide as residue.  
 
Figure 4: Thermo Gravimetric Analysis 
(TGA) of [VO(acac) (L1)] (1) 
 
Sample 
Concentration 
 
Zone of 
inhibition 
(mm) 
Escherichia 
coli 
Methanol Control 08.00 
Vanadium 
compound 
0.5 ppm 10.00 
1.0 ppm 16.00 
1.5 ppm 27.00 
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Table 1. Anti-bacterial activities of 
different concentrations of against 
bacterial strain (Escherichia coli) 
 
3.5 Catalysis: 
Catalytic activity of Complex 
[VO(acac)(L1)] (1)  is investigated for the 
oxidation benzaldehyde to benzoic acid. In 
the above catalytic conversion hydrogen 
peroxide used as oxidant. Formation of 
product is not observed in either case of 
without catalyst or oxidant. It confirms the 
necessary of catalyst for successful 
oxidation. The preliminary result and 
product formation is monitored by TLC. 
Further work development is under process 
in our laboratory.  
 
3.6. Antibacterial Activity Studies: 
An anti-bacterial activity of 
vanadium compound is tabulated in the 
Table 1. After 24 hours of incubation, the 
best activity was found in the E. coli species 
at 1.5 ppm concentration as compared to that 
of control and other concentrations (Figure 
5). This preliminary study suggests that the 
antibacterial activity was increased with 
increase in the concentration of vanadium 
compounds. antibacterial activity against E. 
Coli and found that antibacterial activity 
increases with increasing concentration of 
complex in methanol. Compound also shows 
efficient catalytic activity for the oxidation 
of benzaldehyde to benzoic acid. 
 
4.CONCLUSIONS: 
 
We have synthesized novel vanadium 
coordinated pincer complex [VO(acac)(L1)] 
(1) and characterized completely by Molar 
conductance, UV, IR, CV and TGA. 
Coordination of ligand occurred through 
ONO pincer fashion with central vanadium 
metal. The complex 1 was tested for their  
 
 
 
Figure 5. Anti-bacterial activity of 
[VO(acac)(L1)] (1) with different 
concentrations (at 0.5, 1.0 & 1.5 ppm 
against Escherichia coli. 
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